We report for the first time successful growth of magnetic thin films containing the Gd5(Six Ge1−x)4 phase, which is expected to show giant magnetocaloric properties. The film wasdeposited by Pulsed Laser Deposition (PLD) on a (001) silicon wafer at 200 °C from a polycrystalline Gd5Si2.09 Ge 1.91 target prepared by arc melting. PLD was achieved using a femto second laser with a repetition rate of 1 kHz, and a pulse energy of up to 3.5 mJ. The average film thickness was measured to be 400 nm using a Scanning Electron Microscopy and the composition of the film was analyzed using Energy Dispersive Spectroscopy and found to be close to the target composition. X-Ray Diffraction analysis confirmed the presence of Gd5Si2Ge 2 monoclinic structure. Magnetic moment vs. magnetic field measurement confirmed that the film was ferromagnetic at a temperature of 200 K. The transition temperature of the film was determined from a plot of magnetic moment vs. temperature. The transition temperature was between 280 and 300 K which is close to the transition temperature of the bulk material.
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In this paper we report successful growth of magnetic thin film of Gd 5 Si 2.09 Ge 1.91 using Pulsed Laser Deposition (PLD) technique and its structural and magnetic characterization. The film's microstructure including the thickness was analyzed using Scanning Electron Microscopy (SEM) and the composition was determined by Energy Dispersive Spectroscopy (EDS). Magnetic measurements and X-ray diffraction (XRD) of the film were also analyzed.
II. SAMPLE PREPARATION AND EXPERIMENTAL DETAILS
A polycrystalline Gd 5 Si 2.09 Ge 1.91 sample prepared by arc melting using commercial grade gadolinium was used as a target in the pulsed laser deposition. Spectra Physics' Solstice femtosecond laser with a repetition rate of 1000 Hz, pulse energy of up to 3.5 mJ, and a nominal beam diameter of 7 mm before being focused was used for the deposition. The film was deposited on a (001) silicon wafer at 200 C at a pressure of 1.2 Â 10 À6 Torr. The deposition was carried out for 20 min. The rate of deposition was estimated from the thickness measurement and found to be 20 nm/s. Microstructure and composition analyses were carried out using SEM and EDS, respectively. Secondary Electron (SE) detector and Back Scattered Electron (BSE) detectors were used during SEM imaging. XRD was carried out in the PANanalytical equipment with a Cu X-ray tube. The XRD data were analyzed in X'PERT HIGHSCORE software. Magnetization measurements were carried out on a SQUID magnetometer.
III. RESULTS AND DISCUSSIONS
Figs. 1(a) and 1(b) show SE and BSE images of the film at magnifications at 1500 Â and 15000 Â, respectively. The deposition shows a continuous film with varying sizes of spherical droplets which is the characteristic of PLD deposition of metallic thin films. Femtosecond laser was chosen for this deposition as the shorter pulse width produce smaller droplets and smoother films. 9 With a repetition rate of 1000, higher deposition rate is achieved at lesser time which helps to obtain similar phase material to the target material. BSE image shows most of the top grains in one gray level and the grains in the bottom layer with a different grey level. This variation in the contrast between the grains at different thickness of the film may be due to different phases of the material. However, another reason could be that variation in the distance between grains and the detector also results in different contrast in the BSE image. Fig. 1(c) shows the crosssection of the film that is continuous at 15000 Â magnification. Thickness of the film was measured at 30000 Â magnification as shown in Fig. 1(d thickness measured from Fig. 1(d) the deposition rate was estimated to be 20 nm/s. EDS was carried out at three different locations on the film. The locations were chosen on three spherical particles of different sizes. Peaks of Gd, Si, and Ge from all the three spherical particles match closely with respect to the intensity suggesting similar composition. Table I shows quantitative analysis of composition, where the K(1.74 keV), K(9.8 keV), and L(6.05 keV) lines of silicon, germanium, and gadolinium were used for quantification. The composition of the film was similar to the composition of the target. The L line of germanium and the M line of gadolinium overlap at 1.2 keV, which cannot be used for quantification of composition, hence the K line of germanium and the L line of gadolinium were used. In order to get the K line (9.8 keV) of germanium the accelerating voltage of the electron should be about 15 kV. Electrons penetrate into the wafer when the accelerating voltage of the electron is high and EDS detector detects x-rays that are emitted by the wafer. CASINO simulation software was used to determine the thickness of the film such that minimum number of electrons penetrates into the substrate which was determined to be about 150 nm for our parameters.
XRD analysis of thin film of Gd 5 Si 2.09 Ge 1.91 was carried out at room temperature. X'PERT HIGHSCORE PLUS software was used to identify and match the peaks. This search and match function indicated the presence of other phases such as Gd 5 Si 4 and Gd 5 Ge 3 as shown in Table II .
Magnetic moment vs. temperature was measured at an applied field of 100 Oe (7.9 kA/m) as shown in Fig. 2(a) , with its derivative shown in Fig. 2(b) . It can be seen that there is a constant slope below 280 K and then its value increases from 280 K to 300 K indicating that there is a phase transition occurring between these temperatures. 10, 11 The volume fraction of the monoclinic phase was estimated from the magnetic moment variation at the transition temperature and found to be 11% of the original material considering that other phases do not have a transition temperature below 200 K. The transition temperature of the same composition measured on the bulk material at the same 100 Oe (7.9 kA/m) is between 270 K and 300 K as shown in the inset. Fig. 3 shows magnetic moment vs. magnetic field at 200 K. It can be seen that the sample is ferromagnetic and saturates below 0.5 T (0.39 MA/m). The inset shows the magnetization of the bulk sample with composition Gd 5 Si 2.09 Ge 1.91 at 270 K which also saturates at a similar magnetic field.
IV. CONCLUSION
A magnetic thin film of Gd 5 (Si x Ge 1Àx ) 4 phase was successfully grown for the first time that is expected to show giant magnetocaloric properties. Its microstructure was analyzed using SEM. The composition of the film was determined by EDS using non-overlapping principal lines. XRD analysis confirmed the presence of monoclinic Gd 5 Si 2 Ge 2 structure. The magnetic moment vs. temperature measurements on a thin film and a bulk sample showed similar phase transition temperatures. Magnetic moment vs. magnetic field measurements on thin film and bulk samples also showed that saturation is reached at similar values of magnetic field.
